The gravitational collapse of a rotating cloud or vortex is analyzed Ln by expanding the dependent variables in the equations of motion in twoco dimensional Taylor series in the space variables. It is shown that the gravitation and rotation terms in the equations are of first order in the space variables, the pressure gradient terms are of second order, Euid the turbulent viscosity term is of third order. The presence of a turbulent viscosity insures that the initial rotation is solid-body-like near the origin. The effect of pressure on the collapse process is found to depend on the shape of the initial density disturbance at the origin. Dimensionless collapse times, as well as the evolution of density and velocity, are calculated by solving numerically the system of nonlinear ordinary differential equations resulting from the series expansions. The axial inflow plays an important role and allows collapse to occur even when the rotation is large. An approximate solution of the governing partial differential equations is also given, in order to study the spacial distributions of the density and velocity.
I. INTRODUCTION
Gravitational instabilities appear to play a dominant role in the formation of stars and other astronomical objects, and calculations of the gravitational collapse of clouds (protostFrs) have been carried out by a number of authors (e. g. Larson 1969 Larson , 1972 Larson , 1973 Disney et al. 1969; Penston 1971; Tscharnuter 1975 ). Most of these have been numerical solutions of the governing partial differential equations, where, except in recent work such as that of Larson (1972) and of Tscharnuter (1975) , the effects of rotation have been neglected. But as will be seen, the effects of rotation are of the same order as those of gravity, and are of lower order than those of pressure gradients. In the past work boundary conditions were assumed at a hypothetical outer boundary, where conditions were generally not well known.
The present treatment differs from previous work in that the dependent variables are expanded about the origin in truncated power series in the space variables. This converts the governing partial differential equations to ordinary differential equations in time. Aside from the faci that the resulting ordinary differential equations are much easier to solve than are the original partial differential equations, this procedure has the advantage that the various physical processes are conveniently separated into first, second, and third order effects. Moreover the introduction of boundary conditions at an outer boundary is replaced by the natural assumption that the dependent variables and their lower order derivatives are finite at the origin. That is, the boundary conditions are applied at the origin, and we do not have to specify the extent of the gaseous cloud.
However, we still have to specify the size of the initial disturbance. Most of the calculations were carried out by using ordinary differential equations in the independent variable time, as described above.
However, in some of the calculations the radius was also retained as a variable in order to investigate the spacial variations of density and velocity.
H. BASIC EQUATIONS 
IT! ar r r ar r In Deissler and Perlmutter it is supposed that E is determined by the shear, and an estimate of its value is given by using a modification of (5) von Karman's similarity theory. It is shown there that for v proportional to r (large radial flow)
where K is the Karman constant, and r 1 and v 1 are respectively the radius and tangential velocity at the outer edge of an initial disturbance to be specified• From the experiments cited in Deissler and Perlmutter,
In the present case, v lies between values given by an r" 1 and an r variation, so that E as determined by shear will tend to be lower than the value given by equation (8), We will retain equation (8) in the present study as an upper limit for E as determined by shear. Other effects such as normal strain (Deissler 1968 (Deissler , 1972 and gravitational instabilities will tend to offset the decrease in E associated with decreased shear, so that equation (8) may give a reasonable estimate. As will be shown, the effects of turbulent viscosity are quite small so that the exact value used for E is not critical.
The set of equations (1) to (9) is determinate, and its solution will be considered in the next section.
III. SOLUTION BY TAYLOR SERIES
We can expand the dependent variables, u, v, w, p and cp The relation between cp rr and `pzz can be considered as a boundary condition for 9. For that boundary condition we set (prr = `pzz' that is we assume spherical symmetry for cp near the origin. Larson (1972) found that his results were not sensitive to the particular boundary conditions used for cp-Thus equation (16) Substituting equations ( 11) to ( 14), (18) and (19) into equations (1) to (9), and equating the sums of the coefficients of like powers of r and z to zero gives the following system of nonlinear ordinary differential equations:
GpO -yp lp-yp0-2prr 
If we retain terms through second order in equations (11) to (14), (18), and (19), we get the following second-order set of equations:
(36) r r 3 0 1 1 0 rr Before we can solve the set of equations (20) to ( 
and so that in place of equation (51) we have
When writ#en this way, we can think of the dependent variables as funtions of a dimensionless time, a rotational parameter, and a pressure parameter. Note that in equation (52) Another effect of the rotation is that for large initial angular veloccities wo, the density at the center p 0 can decrease before it increases, as in figure 2 . This is again because of the centrifugal field associated with the rotation which tends to throw the gas outward, in opposition to the gravitational field. Figure 4 shows that for the larger dimensionless As in the case of the series solution we apply all of the boundary conditions at the origin. Equations (11) to (14) show that we can use for boundary conditions, u = v = w = a2v/art = ap/ ar = 0, at r = z = 0.
Equations (1), (2), (4), (6) to (9) (24), (26), (28) and (30), which show that for uniform initial p, u, w, and w, p will remain uniform near the origin (p rr remains zero), as discussed earlier.
Also figures 6 and 7 show that v and u remain linear near the origin, as they should if the first-order set of equations (32) (1) which is important at early times is the v2 /r term, which is also nearly linear in r. Thus for early times with p = pl, equation (1) To determine the effect of turbulent viscosity on the results, curves for that quantity set equal to zero are plotted dashed in figure 6 for comparison with the curves for nonzero turbulent viscosity. The differences are slight. In particular the good agreement near the origin indicates that the effect of turbulent viscosity on the angular velocity at the origin (m = v r ) is zero. This is in agreement with the series solution, where the turbulent viscosity term drops out for the present case (uniform Initial P). For times larger than those shown, the effect of turbulent viscosity in the vicinity of the peak may become greater, but the effect on the angular velocity at the origin should still be zero.
The result that the turbulent viscosity has no effect on the angular velocity at the origin may seem to be contrary to experience. For instance when the arms of a whirling skater are retracted or extended they exert a tangential force on the skater's trunk and thus change the angular velocity of the latter. In that case the tangential force is necessary for changing the angular velocity of the trunk. The difference between that case and the rotating cloud (where a tangential force or turbulent viscosity is not necessary) appears to be that in the latter the radial velocity extends all the way to the center and is zero only at the center. In order to check a case which was comparable to that of the skate., u was set equal to zero for rfr l between 0 and 0.1. It was found that the angular velocity at the center changed with time only when the turbulent viscosity was nonzero.
Perhaps the most important effect of turbulent viscosity is that it enables the assumed initial solid-body-like rotation to be realized. In the absence of a turbulent viscosity the v profile could be arbitrary, and there would be no assurance that y and its spacial derivatives are finite at the origin, as required for the series solution. The presence of the eddy viscosity however provides a tangential stiffness, so that the assumed wheel flow can be attained, particularly near the origin. The results for this case will therefore be similar to those for uniform initial density at the origin, although p0 will be different (for the same ambient density p 1 ). The discussion for uniform initial density applies to the non-uniform case when n > 2 in equations (45) To determine the effect of a non-uniform initial density profile on the profiles at later times, the governing partial differential equations were solved by the method and approximations used for the uniform initial density case in figure 5 . The results are shown in figure 10 , where p1p1 is plotted against rjr l for various dimensionless times, and for n = 4 21 and dp 0/p 1 = A.1 in equations (45) cates that the initial density profile can have a large effect on the evolution of the profiles. In particular the curves for Apo/p 1 = -0.1 (Fig. 10(b)) show the development of a pronounced peak away from r = 0. These profiles are somewhat similar to those of Larson (1972) for rotating flow and uniform initial density. In the present case the effect does not seem to be entirely due to rotation, because when v was set equal to zero, the curves, although considerably altered, still showed the development of a peak away from r = 0. This concentration of mass in a ring may break up into a binary star system (Larson, 1972) . For all three cases the values Of 8 2p/8r2 at r = 0 remained zero, as they should according to the series solution for these cases.
We still have to consider the case where n = 2 9 p 1 > 0, and Op0 * 0 in equations (45) and (46). This is the only case for which prr and pzz' according to the present third-order solution, are not equal to zero, so that we have to consider the full set of equations (20) 
